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Available online 3 July 2012AbstractMethemoglobinemia caused by accidental intoxication needs to be considered as a possibility when encountering a cyanotic patient. A 26-
year-old Vietnamese male patient was taken to a local hospital suffering from fainting and dyspnea just after breakfast. His skin and mucous
membranes appeared grey, pale, and cyanotic, especially his bluish colored tongue. The color of the earliest arterial and venous blood samples
were chocolate brown and the cyanosis remained unchanged when oxygen were given via an oxygen supply. We suspect that the pulse oximeter
and arterial blood gas analysis are inaccurate when there are more than two types of hemoglobin present and therefore in such circumstances the
direct measurement of oxyhemoglobin needs to be carried out using a CO-oximeter. The patient’s initial methemoglobin level was 47.1%.
Methylene blue, 100 mg, was given intravenously; the patient gradually improved and the color of his skin and mucous membranes slowly
returned to normal. After recovery, he admitted that he had mistaken sodium nitrite powder for green bean powder because of their similarity in
color and appearance. Occasionally, occupational hazards contribute to exposure to toxic agents or chemicals and this has become an important
issue that needs to be confronted in the field of emergency medicine. It is important to take this into consideration in endemic areas and exploring
the possibility of exposure to a predisposing chemical may be the best way of treating diseases like this.
Copyright  2012, Taiwan Society of Emergency Medicine. Published by Elsevier Taiwan LLC. All rights reserved.
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Methemoglobinemia is a cause of central cyanosis.
Although this cause of cyanosis is rare, any dramatic change
in an individual’s clinical condition in an emergency situa-
tion should alert us to suspect this problem. The methe-
moglobinemia may occur due to either congenital changes
to methemoglobin that affect its synthesis and metabolism
or because there has been exposure to a toxin or toxins that
acutely affect the redox reactions involving methemo-
globin.1,2 The signs and symptoms of methemoglobinemia
include a slight discoloration (e.g. pale, grey, blue) of the
skin, headache, fatigue, shortness of breath, cyanosis, light* Corresponding author. 699 Section 1, Chungchi Road, Wuchi, Taichung,
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http://dx.doi.org/10.1016/j.jacme.2012.05.001headedness, and even a mental status change leading to
loss of consciousness; however, these may not correlate with
the measured level of methemoglobin present in the
patient.3
Methemoglobin forms when the iron in the ferrous state
is transformed into the ferric state, which then alters the
oxyhemoglobin dissociation curve and reduces the amount
of oxygen released to the tissues.4,5 Blood samples with an
elevated methemoglobin level are characterized as having
a chocolate-brown color as compared to normal bright red
oxygen rich blood. The diagnosis of methemoglobinemia
may be confused by the level of methemoglobin as indicated
by arterial blood gas or pulse oximeter oxygen saturation
results. We herein present a case whose diagnosis of
acquired methemoglobinemia was secondary to ingestion of
food that contained a large amount sodium nitrite and in
this case the patient was successfully treated by methylene
blue.Medicine. Published by Elsevier Taiwan LLC. All rights reserved.
Fig. 1. (A) The patient’s conjunctiva and (B) lips showed a bluish coloration. (C) His hand (right) showed a bluish coloration and cyanotic nail beds were present,
which improved after methylene blue infusion.
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A 26-year-old Vietnamese male patient who was working at
an ironworking factory was sent to our emergency department.
He complained of a shortness of breath, chest tightness, and
had fainted just after breakfast. This patient had no notable
history of orthopnea, chest pain, syncope, or other systemic
diseases before this episode. He recalled having a bowl of
green bean soup that had a rusty odor at breakfast. He was
1.65 m tall and weighed 65 kg. On arrived at our emergency
department, the patient presented with moderately generalized
cyanosis, grey pale lips, a bluish tongue, cyanotic conjunctiva,
and cyanotic nail beds (Fig. 1). The vital signs at presentation
were: pulse rate 90/min, respiratory rate 28/min, and blood
pressure 100/60 mmHg. His breathing sounds were clear and
his earliest arterial and venous blood samples were chocolate
brown in color (Fig. 2); moreover his blood color did not
change even after oxygen supplementation at 3 L/min via
a nasal cannula. The measured oxygen saturation was 89%
using a pulse oximeter and the arterial blood gas levels were
found to be: pH ¼ 7.428 (7.35e7.45); PaCO2 ¼ 40.9 mmHg
(35e45 mmHg); PaO2 ¼ 130.2 mmHg (80e105 mmHg); and
SaO2 ¼ 90.0%.
Thus there was a disparity between his clinical findings and
his symptoms. The laboratory data and physical examinations
presented above were not able to explain the etiology of theFig. 2. Blood sample of this patient showed a classical “chocolate brown”
color when compared to another patient’s “bright red” color blood.cyanosis in any normal manner and therefore we adopted
direct measurement of oxyhemoglobin via spectrometer. This
patient’s initial methemoglobin level was 47.1% (normal
levels <1e2%), and his carboxyhemoglobin level was 0%
(normal levels 0e2%). He continued to be treated with oxygen
via a nasal cannula on a flow rate of 3 L/min. Despite this
management, the patient’s oxygen saturation did not improve
over the period of observation and he still complained of
a shortness of breath. Furthermore, a deeper bluish
complexion developed with cyanotic hands, feet, lips and
conjunctiva. Only when a solution containing 100 mg of
methylene blue in 50 mL of 5% glucose water was infused
intravenously for 15 minutes did the patient’s symptoms and
signs begin to gradually improve. The time required for the
cyanosis signs to subside was about 30 minutes after injection
of the methylene blue. In particular, the earliest area where the
cyanosis subsided was the conjunctivae and this occurred
about 10 minutes after the injection. The color of arterial
blood obtained from this patient 6 hours after the methylene
blue infusion had returned to being bright red. At that time, the
oxygen saturation, as measured by the pulse oximeter, had
returned to 96% with the patient still inhaling oxygen (3 L/
min). Eight hours after the methylene blue injection, the
methemoglobin level in this patient had been reduced to
almost zero.
A specimen of the green bean soup was taken for exami-
nation and was sent to our biochemical laboratory in order to
detect the presence of nitrite. The analysis was based on
Roche Combur10 M test strips (Roche Diagnostics GmbH,
Mannheim, Germany) that uses the principle of the Griess
reaction.6 This analysis showed that a weak positive nitrite
reaction was present in the remnants of the green bean soup.
After a further investigation, the patient recalled that he may
have mistook sodium nitrite powder for green bean powder
because of their similarity in color and appearance (Fig. 3). In
his factory, the sodium nitrite is used as a bleaching agent and
thus it seems likely that sodium nitrite caused the patient’s
methemoglobinemia.3. Discussion
Cyanosis can easily be an emergency medical situation that
results in a patient being sent to the hospital. When signs of
Fig. 3. The similarity in color and appearance of (A) sodium nitrite powder and (B) green bean powder.
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needed because severe tissue hypoxia may occur and this can
lead to a dangerous outcome. An accurate evaluation of the
degree of cyanosis is important in the field of emergency
medicine, because this condition can be masked by other
factors, such as the oxygen content of the blood or the
thickness of the skin. Central type cyanosis is present resulting
in unsaturated arterial blood when there is congenital heart
disease or dyshemoglobinemia. In contrast, peripheral type
cyanosis may be due to abnormal extraction of oxygen from
peripheral arterial blood and as such may be the result of
peripheral vascular disease. Physical examination is important
when making the differential diagnosis between central
cyanosis and peripheral cyanosis. In addition to the usual sites
for observing cyanosis, which are the conjunctiva, nail beds
and ear lobes, the color of tongue is a most reliable site for
detecting central cyanosis, as was the case with this patient.
Another clue to finding the cause of cyanosis is the careful
recording of the patient’s history and their occupation. This
patient’s occupation lead us to suspect greatly that the cause of
his cyanosis might be contamination by chemicals or toxic
agents contacted while working in the factory; this could
happen by touch or by misuse of such agents as seasoning.
Generally speaking, a detailed history taking and a careful
physical examination are the key points that can lead us to
identifying the cause of the acute poisoning producing central
cyanosis and the presence of methemoglobinemia.
Occupational safety and the impact of toxic substances on
human health is an important issue in Taiwan. Located in
central Taiwan, Taichung had a population of 2.6 million and
a labor force of near 1 million in 2010. During the course of
industrialization, many kinds of toxic chemicals may enter our
environment and influence our health if no inadequate safety
procedures to prevent exposure are in place. Contamination
with potentially poisonous chemical compounds can cause
serious problems for patients who work in certain occupations.
Occupational toxic chemical exposure may bring one or
several patients to an emergency department and such events
are an uncommon situation for emergency physicians.
Acquired methemoglobinemia can result from exposure to
various chemicals and drugs that accelerate the formation of
methemoglobin by direct oxidation or indirect inhibition ofNADPH. Among such chemicals, nitrites, and aniline deriva-
tives have been reported to be the commonest agents.7 In our
patient, his symptoms occurred about 30 minutes after eating
the contaminated green bean soup. The symptoms of methe-
moglobinemia can vary from lightheadedness and tachypnea
to a depressed mental status or even seizure depending on the
level of methemoglobin.8 Although this patient’s methemo-
globin level was below 50%, generalized central cyanosis was
found, which may be attributed to severe hypoxemia. Not
withstanding the high methemoglobin level of 47.1% in this
patient, he recovered well from taking the sodium nitrite,
which his mistook for green bean powder.
Methemoglobinemia can be a diagnostic trap in an
emergency situation, and the diagnosis is easily missed
initially. The arterial blood gas PaO2 may be normal or
inappropriately high. As is usual with this type of patient, it
was the gap between oxygen saturation and PaO2 as
measured by the blood gas analysis that led us to suspect the
possibility of dyshemoglobinemia. In addition, an pulse
oximeter is of little use because methemoglobin absorbs
both of the wavelengths of light that are used in the
pulse oximeter.9 The decisive diagnostic method for
methemoglobinemia is multiple wave length CO-oximetry,
which is capable of differentiating oxyhemoglobin, deoxy-
hemoglobin, and methemoglobin.
Identification of hazards and the control of hazards are the
proper approach to preventing occupational hazards in highly
industrialized countries. As more new chemical compounds
are synthesized by industry, occupational hazards in an
emergency department will remain an important topic that
needs to be faced in the future. Total isolation of the entire
industrial operating process and a general cleanliness of the
industrial environment are the best policies to prevent the
possibility of toxicological substance exposure. In addition,
personal protection, health education, sanitary surveillance,
and environmental control of toxic chemicals in the neigh-
borhood are also important in preventing the occurrence of
these events. In patients diagnosed with methemoglobinemia,
the best treatment is to improving oxygen delivery by giving
100% oxygen and an appropriate antidotal therapy. Methylene
blue is indicated as the best antidote when treating drug or
chemical agents that induce methemoglobinemia.10
61H.-H. Chen et al. / Journal of Acute Medicine 2 (2012) 58e61In conclusion, it is logical to suspect methemoglobinemia
as an unusual cause of cyanosis in all cyanotic patients who
have special occupations that put them at risk of acute
poisoning due to handling toxic chemicals. The correct
recognition of the toxic syndrome by primary survey and the
resuscitation of the patient followed by the correct poisoning
treatment paradigm are the best ways to treat these patients in
the emergency department.
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